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Fact or Myth:
Copyright istockphoto.com/eddtoro
Tang was created for the Space 
Program.
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Freeze dried ice cream is a favorite 
dessert in space.
Copyright Astronaut Ice Cream Shop
Fact or Myth:
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Taste changes in space.
Fact or Myth:
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Today’s urine is tomorrow’s coffee.
Copyright: Michael Breach
Fact or Myth:
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Fresh food is 
available on ISS.
Copyright: BlissfulEating.com
Fact or Myth:
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Nutrition Plays a Significant Role in Exploration
• In the roughly 400 year time period 
between Columbus’ voyage and the 
invention of the steam engine, scurvy 
(Vitamin C deficiency) killed more 
sailors than all other causes of death 
combined (including shipwreck). 
• Food and its delivered nutrition must be 
carefully planned.
• Space explorers are unlikely to 
find food sources.
• Food must deliver the nutrient 
requirements understanding food 
sources, stability and intake.
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Human Research Program Goal
The goal of HRP is to provide human health and 
performance 
countermeasures,
knowledge, 
technologies, and 
tools 
to enable safe, reliable, and productive human 
space exploration.
Seat layout for contingency EVA Example of a study on the effects of center of gravity on performance
Clay Anderson centrifuges 
Nutrition blood samples 
during Increment 15
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HRP Foundation
• Evidence/Risk-based Management Approach
– Program Architecture:
– Framed by the risks to Human Health and Performance
– Validity of risks is based on evidence from science, clinical, and operational research
– Gaps/tasks prioritized balancing customer need (Exploration Programs, Chief Medical Officer, Medical 
Operations, Mission Operations) with flight and ground resources, including ISS availability
• Gaps in Knowledge, Technology, and Countermeasures Flow from Risks
– Each Element has specific tasks budgeted within the program to address these gaps 
– Externally Reviewed by Standing Review Panels
• Documented and communicated to external communities via
Human Research Roadmap (http://humanresearchroadmap.nasa.gov)
• Continuous Evaluation of Risk Posture and Priorities
– Re-evaluated annually by the Human System Risk Board (HSRB) based on the current research results and 
progress
– Criticality and priority developed in conjunction with HSRB evaluation
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Integrated Path to Risk Reduction, Revision B PCN-1 (2014)
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Updated
07/23/14
Rev B PCN-1
HRPCB-approved
Uncontrolled
Partially 
Controlled
Controlled
Insufficient 
Data
Optimized
Assumptions:
- 450 crew 
hrs/increment
- 6 crew/increment
- 6 month missions
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The  Human Research Program
ISS
Medical 
Projects
Human 
Health 
Countermeasures
Space 
Radiation
Behavioral 
Health
& Performance
Exploration
Medical 
Capability
Space 
Human 
Factors &
Habitability
Cardiovascular 
& Vision
Multisystem
Exercise &
Performance
Advanced 
Food 
Technology
Advanced 
Environmental
Health
Space Human
Factors
Engineering
NSBRI
Human Research Program
11
Bone
Technology & 
Infrastructure
Human Research Program
Advanced Food Technology
• Develop a food system that is 
and
• Efficiently balances appropriate vehicle resources:
volume, mass, waste, water, power, cooling, air, crew time
Safe, Nutritious, Acceptable Minimize Resources
At times the objectives of AFT are at odds with one another.
Example:  To maintain an adequate food system may require 
more packaging mass which conflicts with minimization of mass.
Ultimate goal is to provide a food system that 
supports all aspects of a Mars mission.
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Evolution of the Space Food System
Mercury • Highly engineered foods (Meal in a 
Pill concept) – cubes, tubes
Gemini • Highly engineered food with new 
introductions
(Pudding, Chicken and Vegetables)
Apollo • Thermostabilized food, spoon bowl, 
natural form foods
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Evolution of the Space Food System
Skylab • Freeze-dried, thermostabilized, 
natural form and frozen foods
• No resupply – all food stored at 
the time of launch
Shuttle / MIR • Higher quality food in lighter 
packaging
• Assignment of 9-month shelf life 
on food
International 
Space Station
• Irradiated items (meats) through 
special  FDA allowance.
• Aluminum film overwraps allow 
12-18 month shelf life for most 
food.
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Evolution of the Space Food System
Natural 
Form 
Foods
Rehydratable 
Foods
Intermediate 
Moisture 
Foods
Irradiated & 
Thermo-
stabilized 
Foods
Beverages
Not pictured: Extended shelf-life breads and fresh food (limited basis)
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Retort at the Space Food Research Facility
Human Research Program
Space Food Systems Laboratory Freeze Dryer
Human Research Program
Getting ready to freeze dry Teriyaki 
Vegetables
Human Research Program
Getting ready to package freeze dried foods
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Food System Considerations
International Space Station:
• 6 month microgravity missions
• No refrigerators or freezers for 
food storage, all food 
processed and prepackaged
• Regularly scheduled resupply
• Eight day standard menu cycle 
augmented by crew preference 
foods
Mars Expedition Scenario:
• 2.5 year mission; microgravity 
and reduced gravity
• No refrigerators or freezers for 
food storage
• No resupply; food may be 
prepositioned to accommodate 
high mass and volume
• Current food system is mass 
constraining and will not 
maintain nutrition/acceptability
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Psychology of Nutrition
There are psychological benefits of the food system and plants
• Socialization during mealtimes.
• Food quality, variety and acceptability are important.  Highly 
acceptable food is a familiar element in an unfamiliar and hostile 
environment.
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Taste Changes in Microgravity
There are anecdotal reports that food does not taste the same in space
• 85 – 90% of what you taste is what you smell
• Hot air (volatiles) does not rise in microgravity
• Food is not heated to very hot temperatures
• Food is eaten out of packages with small openings
• Fluid shifts in the body result in a feeling of congestion in the nasal 
passages
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-80°C
21°C
Prepackaged Food – 5 Year Shelf Life Challenge
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Processing Packaging Formulation Environment
Pressure Assisted 
Thermal Sterilization 
(PATS)
Lyophilization
Improvement
Microwave Sterilization
3D Printing Technology 
(SBIR)
Improve clarity
Improve barrier
Mass reduction
Fortification
Food Matrix
Functional Foods
Meal Replacement
Atmosphere
Temperature
Radiation
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Effect of Storage Time on Nutrition
• Folic acid and thiamin degradation in tortillas over time 
(Zwart et al, 2009)
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Nutrition and Acceptability Impacts of 
Room Temperature Storage
• Critical micronutrients show 
concerning degradation in space 
food system after 1 year of 
storage.
• Only 7 out of 65 
thermostabilized foods are 
expected to be palatable after 5 
years of storage.               
(Catauro. JFS. 2011)
• Current mass requirement for 
3000 kcal per crewmember per 
day is 1.83 kg.  Total mass for a 
Mars scenario (6 crewmembers, 
1095 days) is 12,023 kg. 
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Mars Environment
Habitat controlled for 
sustainment of human life 
but oxygen and 
temperature not ideal for 
food preservation.
Virtually oxygen-free, 
isothermal, freezing 
environment
1 m below Martian surface is (-80°C) 
Is it feasible to use the 
Martian environment as a 
low-power food freezer?  
What risks to food quality 
are introduced?
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• Spiced Apples and Mixed Fruit 
– Ultra cold freezing conditions reduced fruit firmness immediately through 
irreversible ice damage to the cell structure of both fruits Mars surface stay: 
~18 months
– Ultra cold conditions still resulted in improved quality over ambient storage
Effect of ultra cold conditions on Fruit
Visual Difference of Spiced Apples After 9 Months of Storage Conditions: 
(a) Ambient, (b) Ultra Cold, (c) Refrigerator
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• Shelf life of foods is determined by:
– Bacterial growth – e.g., spoilage, pathogens
– Nutritional degradation – e.g., loss of vitamins
– Quality degradation – e.g., sensory qualities
• Packaging can:
– Prevent contamination by microorganisms 
– Protect food from physical hazards 
– Control transmission of oxygen and water from outside 
environment into food
• Nutrient, flavor, and aroma changes through oxidative reactions
• Texture and color changes due to increase water content 
The Food Packaging Material Used Contributes to 
the Shelf Life of the Food 
Human Research Program
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• Thermostabilized (Retort) and Irradiated foods
– Fabricated from a quad-laminate of polyolefin/aluminum 
foil/polyamide/polyester 
– MRE Pouch
• Beverage pouch
– Trilaminate of polyester/aluminum foil/polyethylene
– Septum
• Septum adapter is fabricated from low-density polyethylene
• Septum is fabricated from silicone rubber is sealed in the adapter 
with a disk fabricated from a laminate of polyester/aluminum 
foil/polyethylene
Current Packaging
Human Research Program
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• Freeze Dried Foods Packaging
– The thermoformed base is fabricated from Combitherm PAXX230 [a coextrusion of nylon/medium-density polyethylene (MDPE)/nylon/ethylene-vinyl alcohol (EVOH)/nylon/MDPE/linear 
low-density polyethylene (LLDPE)].
– The lid is fabricated from Combitherm PAXX115 (a coextrusion of 
nylon/EVOH/nylon/LF adhesive/HV polyethylene/LLDPE)
• Natural form (Bite size) foods
– The bite-size food package is fabricated from Combitherm 
PAXX115, a coextrusion of nylon/EVOH/nylon/LF adhesive/HV 
polyethylene/LLDPE.
• Overwrap
– Packages are wrapped in a white pouch, .003-mm thick, 
fabricated from a laminate of polyester/polyethylene/aluminum 
foil/Surlyn®.  This overwrap is removed before the food is 
prepared and heated.
Current Packaging
Human Research Program
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• Requirements
– High barrier packaging – low oxygen and water vapor 
transmission rates
– No aluminum layer
– Mass - <145 grams per m2
– Flexible 
– Puncture resistant
– Approved for food use
– Amenable to sterilization
– Able to be heat sealed
• Preferred (not required)
– Transparent
– Retortable, microwavable, high pressure use
NASA Packaging Technical Requirements
Human Research Program
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– Small Business Innovative Research Program – 7 years
• 8 Phase I contracts 
• 4 Phase II contracts
– Two workshops to bring together food packaging experts
– Three internal research tasks
– Public Outreach – average of 3 presentations/yr. for 8 years 
describing NASA’s challenges 
– Department of Defense Collaboration – Combat Feeding Program
No significant improvement in food packaging capabilities after 
these efforts
10 Year Effort to Improve Food Packaging
Human Research Program
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– It was unlikely that a food packaging solution could be found 
within the food science community
• There was a need to go outside to other industries such as 
pharmaceutical or electrical
• Although a positive result was preferred, a negative result would 
also be useful
– Two Innovation Techniques were used as a comparison
• InnoCentive – Theoretical Challenge to identify new technologies
• Yet2.com – A matchmaker between NASA and commercial 
packaging manufacturers
Innovation Techniques 
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Challenge 
Partner
Challenge Type 
/ Award
Posted / 
Deadline
Final Numbers Challenge Status
InnoCentive Theoretical-IP / $15,000
December 
18, 2009 / 
February 
28, 2010
-174 Project 
Rooms from 33 
Countries
-22 Submissions 
from 10 Countries
16 for Evaluation
A partial solution was awarded and 
material is being evaluated.
Yet2.com
Matching of 
commercial 
company and 
Technical 
Need Owner
July 2010/ 
October 
2010 
23 investigated; 5 
researched; 2 for 
Evaluation
Materials are being evaluated.
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NASA JSC Challenges Summary
Conclusion:  Both InnoCentive and Yet2.com provided good 
results.  It really depends on what your required final outcome is 
and the state of the art of the technologies required.  
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Recently Completed AFT Projects
• Food Processing vs. Packaged Food Study 
Analyzed mass and crew time trades for 
bioregenerative food system compared to 
prepackaged; developed 90 formulations 
from 15 crops and 11 ingredients
• Mass Reduction Technology Development 
Developed meal replacement bar and 
beverage prototypes with significant mass 
reduction capability
• Suited Contingency Ops Food - 2 
Developed delivery system prototype, 
both package and beverage requirements
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Space Food System
Sodium Reduction Challenge
• Sodium exacerbates bone loss, possible factor in intracranial 
induced vision changes
• Reformulated 90 foods and reduced sodium content to ~3300 
mg/d
• Maintained sensory acceptability similar to or better than original 
formulations (score of 6.0 or greater on a 9.0 point hedonic scale.
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Baseline
(5268mg/day) Current(~3300mg/day)
Freeze Dried
1932 mg
Beverages
105 mg
Irradiated
602 mg
Natural Form
571 mg
Thermos
2058 mg
Sodium 
Reduction
1960 mg
Natural Form
484 mg
Thermos
1198 mg
Irradiated
602 mg
Beverages
105 mg
Freeze Dried
918 mg
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Future Food System Paths
Bioregenerative & 
Bulk Ingredients Only
Bioregenerative & 
Packaged Combo
Packaged Foods 
Only
Key Assumptions
15 different crops (including 
soybeans and tomatoes) and 
11 bulk ingredients plus 
minors are used in menu 
development and analysis.
Only existing products with a 
shelf life > 3 years are used 
to supplement the above 
bioregenerative menu.
Frozen and refrigerated 
storage are presumed to 
deliver feasible food shelf 
life.
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Integrate Bioregenerative Foods
• ISS: Supplement prepackaged with “Pick 
and Eat” in microgravity transit
• Mars Scenario: Optimize mission specific 
phased implementation and balance with 
prepackaged foods – based on nutrition, 
acceptability, resources
• Benefits: initial food upmass, nutrition, 
variety, acceptability, psychosocial
• Research gaps: infrastructure, resource 
use, radiation effects, safe handling/micro 
procedures, system integration, crew 
time usage
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Food Processing vs. Prepackaged Food
Lower Stowage Mass
Agri-Therapy
Higher Nutrient Density
Fresher Food
Food Variety / Customization
Less Habitat Infrastructure
Lower Power Requirements
Sterile Food Supply
Less Crew Time
No Risk of Food Scarcity
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Food 
Warmer
Potable Water 
Dispenser
Food Preparation Current to Future
From top left:  A) Pressure 
cooker, (B) Juicer, (C) 
Soymilk Maker,  (D) 
Dehydrator, (E) Stand 
Mixer, (F) Pasta press, (G) 
Immersion blender, (H) 
Tofu mold, (I) Grain mill, (J) 
Induction burner
A
B
C D E
JIHGF
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Greenhouse Crops
Lettuce Tomato Peas
Spinach Strawberry Snap Beans
Celery Radish Sweet Potato
Green Onion Bell Pepper White Potato
Carrot Mushrooms
Bulk Ingredients
Rice Peanuts / Peanut Oil Soybeans
Dry Beans Wheat Berries / Wheat Flour
Variety of Crops, No Animal Protein
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Microbial Risk in Crops
Pathogenic viruses are able to 
contaminate the roots and edible 
portions of plants in hydroponic 
systems, even when access to 
contaminated soil does not result 
in plant infiltration.
J Food Sci 69(6): 1468-72
Foodborne Pathog Dis 9(5):396-405
J Food Prot 72(7):1513-20
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Conclusion
• The Human Research Program is an applied research program
– Focus on solving problems 
– Subject to many types of constraints (example: budget, subject 
availability, operational restrictions ) 
– Primary customers are the Chief Health & Medical Officer, ISS, Orion 
Program, Mission Operations, Astronaut Office, and Astronaut Strength 
Conditioning & Rehabilitation Specialists
• humanresearch.roadmap.nasa.gov
– Captures Evidence → Risks → Gaps → Tasks → Deliverables
• Major HRP efforts
– ISS Utilization (international coordination,12-month mission)
– Reformulating Gaps & Path to Risk Reduction
– Subject number
– Exploration Analogs
– Data Accessibility
Human Research ProgramThanks to current and former 
Advanced Food Technology Team 
Members! 
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Questions
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